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ABSTRACT: 

PROBLEM TO BE SOLVED: To easily control the wavelength of a 
variable -wavelength element by constituting the element in a 1/4 -period 
shifting structure in which first and second super-period gratings are 
connected to each other in a state where the gratings are shifted from another 
by the 1/4 of the grating period corresponding to the center wavelength . 

SOLUTION: When both gratings 23 and 25 of a variable- wavelength element 
reflect at the same wavelength (&lambda ; <SB>0</SB>) , a waveguide 13 constitutes 
a resonator as a whole. Since a 1/4-period shifting structure 27 is provided, 
the structure of the element becomes the same as that of a DFB having a 
1/4 -shifting structure from the wavelength sdambda; <SB>0</SB> . Therefore, when 
this element is used as a semiconductor laser, the element oscillates at the 
wavelength Sdambda ; <SB>0</SB> and, when the element is used as a wavelength 
filter, the element can select the light having the wavelength 
λ<SB>0</SB>. The oscillation wavelength of the element can be 
controlled easily when the reflecting wavelengths of the gratings 23 and 2 5 are 
variably controlled by supplying control currents Itl and It2 to the element 
respectively through electrodes 19a and 19b. 
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1 

[ tmm i ] KftmMmg*i&%m i <r>mmyv 
yyb *>mmm 1 t s*lt^4jb2 <r>mmyv- 

-f 4> U:#»t8»l/n*4 4#<D 1 Mf 

tfrieas 1 axx/m2commmyu-T^ yymtmm 
ztit>m i *> xi/m2commm^i'-T 4 vyim oa 

[ if 3 ] ti^a 1 1 a «i 2 fcieacoftftTOd*? 

miess 1 (Dmmmy^~T 4 yy^itfr 0 cRit^w 
^raesrffi4» 1 covyr^yu-f 4 yyz^t . 

mS3620Mm9R?i'-T4 yfcvttfr'Olz, 

iM^mvt^mi^. 1 (wyvivyv-T 4 yyb 

*'tM&im X,b*tiX\^h%7.<ry*rv?)Vyv- T4 

yyzMttzz t *mib+ 

[000 1] 
J>4. 

[0002] 

XJ&IU OtMXft/W Vf-V (Photonics Thechono 
logy Letters)Vol.5,No.6,pp. 613-615(1993 June))£ 
ijk $ ftT V > 4 ftS^raE U -If tfib -> fc . CI <9 U— if |j % 

m2coMmmyu-T<y?tzm,mw.L-zffitftzti 

«Fig. 3) . S&C. glOfifflJHTV-'r-f v 
7\ SStt«. «lffllB5«*iJ:t«B2<!OjBTOW^— r-f 

X'h->tz. miti£t/m2cr)Z.m7-U-7->ty7'lZ^ 
[0003] 
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JSktoTv^wf. SHKftfi*S»t4fc:3fcoT 
(i. RSra«£SBE*4fcrt*>«ffi*J.ktf£**-Ftf> 

[0004] 

[aH£jjRfc*4fc*>*>^&] 

tv-t- . Km.M^i^imx'i)^md^ 1 
%2<nmwmy\s~ f-4 yyb. ztit>w,H5£vw,2 
v-t 4 v?0)jmr>wt<?> i irft> Ltzftrnx-mstL 

X^hAftVlffl&is? YtmbZ^Z-tzZbZW&t 

■th. 

[0005] zcoftmz&^x . fflataru-7- 
4 yycoKh o KRWttfia^ra^iraEa:® 1 w/r* 

20 1 ^yr^yv-r -f >-i/t <*"i>ifcft#l§] t b Ztitz 
%2^vnvyv-=f4 yy*Mz.£:ffif8.b LXt& 

[0006] 

a^xmmmmimmz^i,xhh. ttz. #h(c*j 
T^4„ 

30 [0007] 1 . Hi WHSfi^© 

II 1 ~H4 HZcowncom 1 <7)HM^®^iKBH-f4ll 
T* 4 . Hfc . H 1 Ji® 1 cOHSfe^^^^*^^ 
coMffiia. 02 (A) fin i<7)i - HftCiBofcBffflEI 

(fc^ft. mmmyi—T^ yyzm^tzMom) . 0 

2(B) 1202 (A) 4><9PSB#<9ifc*C0. 03(i»f^ 

&fz. m4i,i-fyr^yu~f4 

ffl^fc«^^02t*tJBt4HT*4. 
[0008] 01fcJ:t/02tfc^T. HJUk^ft* 

40 1 7it?$2<7)77-y K. 19a(imi«ffi. 19b(2^ 
2Sffi, 19c(iH3«ffi. 19d(iSI4mffi. 2 1(2 
ftttRSr^fl-PftSrf. Sfcfc. 2 3(i^<7)^-C'V^d 

mi^m^my^T 4 yy. 2 5^zcr>^.mx'^^ 
2<r>mmmyu-7-4yy. 2i\tz<r>%mx'^oA j it 

[0009] i:t. iStiSiffinii ;co^. 

3atJ«ttffi52tf!aiiSBl 3bT«*LT 
$>4. HI tf^VIKR 1 3 afiStf$fggffl?)&i£S&fc L- 
TSfgL. IB2^«ttRl3bttl|MiH{£^^rt4«% 
50 BfcLT«IH-4. *LT. S2«03Hfc»13b. S2 
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vHl 5£. Sfil 1±K. -I^lilcOT L£flfiti:L 
T£>6. fcfc'U »2«Wt»13b. SglOg&S&l 
SafcitfgSltf')??-? HI SkUvfftt;*. rft 

coJitUT**. *fc.fflM2 1^aHSllit» 
->T. S^»»®13b0Bfc3fcSS5$htfc:, H2 

IX. ±M?Mi2(r>?y-y HI 7fi. «I co«»fli 2 1 ±C 

[00 10] ifc, 9L\ffMim?V-T 4 >723. 

[00 11] mi~S3«ffil 9 a~l 9c(i5 
Sl9ali, gl^77t-'l 5±T'&-?TgS10j@jg 

jffl^v— f < >^2 3 fc»ifii-t4ai«-±tgi»trft o . 

Sltfil 9bti. Sl*5?57 HI 5±T*oTfB2 
OfiHMfc'V- f -f >^2 5 i#|6rtSaHhtfc|ftltT 
»318fil 9c«. gl^?7 HI 5±T*-3 
T4#f5 1 JU«a>"7 h«3t2 7 fc*t|6rf imhtcffttt 
T*4. fc£U S3mSl 9cliJ6ltJj:tf3S2<*>« 

wmw-T 4 y^tnnfh^i^z-^m^ xw. 

liXhh. &tz. $4«S1 9dtt£ftl lOBBBCR 
»tT254. -eUT. 82^57^17*. lfil~SS4 

nmi9a^i9dcr>&m<DttmmmkLxmm?z>z 

[0 0 12]$:*$. 01tiJ:tf02*fflV^L/s»[fi 

ksk 1 1 <ofl6s*mk Lxumtawt 1 ssas ( w* 

tfnl) InPlU, *fc»2©^5-yF17<0aBS 

flfik LTfi<?yt{fm2zi«ai n pji£. ttzf&w 

75? M 50«j«flJBi:l/Ctt*lS«gI nPl 
Sr. *»J: tfSS 231KB 1 3a, 13b««fl 

flfc LTtt*ft**U5fJg<7>ffljK (SltJitfSteOSiK 
KOBWfcBUlfflJS) ^HrefitffltfUilflnGaA 

[00 13] at. H2£±fc#SBLTSSli$.ktfS2 
<0fiS8»B^U— f >^2 3tiJ:tf2 5 £. 4ft<7) Iffl 

m>-7hffi&2 7 tiz^x. $ ummizmmt s . 

[00 \A\%\<»fflm7\'- : riV72 3\^ D3fl 
«0JSJBa*fM KSEfl: (WitfAi *>4>A„ C^tS 
•ft) LT^I>gff# (f-Y-ty^StLTV^a^) £E 
JWXiTMlOiEL^i.fcfltJSfc'SroTV^. %2 
<T)imn7\/- ; ri>72 5{a. QQaofflggtfSS 1 <98 

mmyu- 7-4 >?kmtt l z®«i l zm\:Lx^&&#z 
mmxz x-m y )mLMz.Kffij8.t%'>x^z> <x. *x 
2 >. ztikmn5XtftH2ff>smK^—T4y^2 

3. 2 5-Hi-mii. H3fc*LfcJ:3fc. -SgOPir 
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L. KlfifcgfflaiaiHa. b(2. jfiJUJ&TV- t 4 
2 3. 2 5tfittSfiV^»!(JJEOXi ^X 2 ) #H 

^2 3. 2 5ftt, IHO<^Eflift^36«HtfcLT**« 
T'. M^l/-f^/2 3. 2 5*>4"&»5 (fl£H* 

[00 15] i£. 4#<01jgjffls'7MI!3t2 7fcL $ 
10 l&J:1fm20ffiSmr]'-T4 y?23. 25£. ± 

U#tM&tz*tfBt* ^u-r 4 y7com%kr)4ttcD l 

^hLfzAmxtm-th^x-hh. zz-cit. 112 
(b) t^Lfeioic. mi<Dmmm^u-T4 y?2 
3cDwa&ftt. w,2(Dimmyv-T 4 yy 25^ 
EMftbtf. *>m&\,zttmtz>7 , v-'r4 y?mMA 

x <04 1 fcSfc 64H?ifc«JBT*eS fi* J: 3 fc 
LT. 4#mE8BfiBt2 7£fl|jei/0^. fc£U 
Ax fcfi. 4"l>j&Ji£Ax kSUfctLfc*^ Ax = 
2 n Ax (y'y-y ) *ffi£thWmX'h h . 

20 2^cr>mmmy^~ y?23. 25ZZtl? 

tiff) t'com-ft tfc i^T 4 1 EMS' 7 hfc J: »J «SGM~ 

xi . x 2 (wvm±*4M)ifmi'yhm&2 7? 

SSKtS*^. ©:fiV^IHXi . X2 C7)^tf|31±^4 
^ct) 1 jl^j^7 Mi£2 7TS*l-tS«^. ® : - 

30 [ 0 0 1 6 ] mz . i fiO^ 1 W^SgO^S^K*^"^* 

*«, z cnfcmsmTlzMhim 1 <0iSraB^-f 4 
yV2 3t5i.rfm2<7)MfflMfu-T 4 y?2 5th? 

tin. -^mm^Mx-m-timt^-th^t^: 

4. L*»fc. B/l/-f-(^2 3. 2 5ttJ»t4^ 

*«0^ffl (±IB<?)Xi . X 2 ) £g&£>-£T&l>OT£ 

(A 0 ) TRittsi*fc:{isiK»i 3±wx-^mm 

40 fi8t4. *LT4^lSIHs'7hflBi2 7&»ttTV^ 
Ao 4M>C34#C91 x7 HffijtcOD FBtlSI— 
fflitt^l.. LfctfoT. ^(*l^-ift-TS^(iA 

OJCfcaHRTSft. iif5Hiift*(»*7^/^k-*- 

d«5tt^^raafFcfia&sii**M)p«8si t it. 

t 2t(Cj:oT. #-tV7"/^^-f-f V^"2 3. 25 
50 &^Ao ^fl^rl»J:3M^U-x-f y^2r»-r 
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2 5<?)t*fj.--y^fTot 
i>@.mtt£ <te$£-ftl%^tzlblz. I pc7)fj»i?&i:' 

S,t%h. tfz. I pCifiSJffliafis**^ («ffil9 
S Z t (c i 0 3IW>J»B* -1 SOT. 

zv&xhm&x-foh . 

[00 17]^i>, ±atiJV^TI4fiJ3JB^U— r < > 

x^&%i2w>r>i'7\/-7- 1 yfzm^xi,. ±m 

*M*04t02fc:*tJEt4^e*iE-C*Lfc. -TO* 
mic7)-9-y7°;^u— Hi. Wat 

03fl#i"H"W-**#3 1 a t[Hfl«^3 lbki> 
^*4 1#filBt»*jaHXi xmomLMUzffif&t* 

ot^S. ^2^y7 , ^w— r-f 3 

li» J5^AT'IHiei* ? a^-ri»^3 3 a fcBflfltfMHtVHK 
^3 3bfc4»t«rSl#ffi«4hS:«ai!Xi Tl*9>gLJi 30 
^fcaWtefcoTV^ (Xi *X 2 ) . *LT. 

i<r>vvy°jvyv-T < >?3 inw&Uftt^m 

<ifc«JB-C»KS ill. J: 3 (C . 4t«l Otitis 2 7 £ 
X/m2<?)y->T)l'7'U-T J >73 1 . 3 3(i. ±5fc7) 

s^ffi/w-x-f y^m^tzm^mm. -zsmzt 

tfz. KSra^ffl^ffitt. ^yry^w— f v 40 

^3 1 . 3 3fctJ{t4fiV>ffl« (JJEcOXi ^X 2 ) # 

yy3 i . 3 3*k-; wanm jwa t m 1 1 hxhh 
cox\ m^u-f- 4 y?3 i . 3 3co4"'C^ (±ta- 

S. 

[00 18] asSfcJBlrVt. .ico^co^^ 

w.comt%hmviiiKMii a- u a- 50 
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J tV l^hD;W(IEICE Transactions on 3H/m-97)w\. 
E76-C,pp. 1683-1689(1993. November) ) . ^tffi!II I UVtt' 1/ 
■fnr' t7' ^(Integrated Optics),R.Marz "§(1994), A 
rtech Housett) izWftZtlX^h . 

[00 19] ^iiio. * y?<r>7v 

[0020] An = ni Re {IFk exp [i2 (k 
/9s +/9o ) z] } 

ZZX'tem li$zm<?>*$Zt:$k1-imX'hZ>. it. 
Fk «±7-yx^j&9ffi8rC&i>. it. /3o ti^^D 
7*7 -y^*^* 4. tti. >9s =2if/xr*0. i 

t. zcoximmmyu-T^y/^mmm (02^ 

Xi -^x 2 ) . foh\.m-yy?>vyi<-T- 4 y?zm^ 
&m&X'i3.vy7)UMM (04*0x1^x2 ) fcjwfs 
■r s . xki 1 i 0 . r««[r t wrm. s k ora^^* 

[00 2 1] 

-R' +aR = ZixFh ' exp (i25k z)S 
S' +aS = ZixFk exp (-i2 5k z)R 

zzx-aimwrnm. xm^mcci>*) 

dk =/S-k/3 s -/3o 

/3 = 2n« tt/A n. : ^^"ffflStrf* 

T"£>l>. Ztlfrk. =0t>5ri.k=l. 2. 3 

'C^IE tt#*^'Cfe V vc k = 0 031S07' y y 7%$! 

mskcr>%$ tt->tz< m-wtfm&j: hzt tmm $ ii 

6. «-jT. {iffi{±ffl^07'7 y^Stfc|5l«{^l^ 
fiTld^»{33Btf«(C»UT*k =0£7)t#. 4> = a 
tan (qk /^k ) -*n/2 ( I xFk I L-»oocOi: 

T^SilS. ftoT. *Ofi[«"iai»07*5-y^R 
Itfc-fi^OAftflrV^ 4tH-(7)l^j«^7b«ii2 7tj;4 

CHBtt 

</>4 =^/9/ ( 2y9o ) 

XfohhK RStf-^TtiSk =0i >5/3 = k/3 s +^ 
o T'i50 

04 =^/2 + 7rk/9 s /(20o ) 
fc$r*. k = 01:R-tf)tiffli:**KUi 
?rk/3s/(2/3o )=2^m m : gfc 
y3 s =4^o m ' m ' : WkW = k / m 

<rm» 4 #<o i m mis 7 h it jST'ois-cj> -> t a j . ^ o 

<t>* =!r/2 + 2!rkm' 

t^r-5T04 li2^co^5g145:^v%T'iktJ:f>^<^ 

■s.. Ltztf^xwjhMffiwri'-TiyyemvAtt 
(oimwisy vffi&b . n-(?)Mwm7\<'-f4y7<r> 
fafi94#tfo i igjffl>-7 h« itPi^tiu^ri. . 

[0022] afc^tifi^ftT^S. SiW^tO^ 
* B t . Sii^O^S: A 1 1 # . n»nt:iMBmk 
»a = 0 ki-4 k^M^i^T-li 
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A t = AA' exp(i^) ) + BB' • exp ( - i 

*4 ) 

B t = B* A' exp(i*4 )+A* B' ' exp 
(-i U ) 
fc£U A, B(i 

A = cosh(|qk I L ) — i dk sinh(|qk 
I L) /\ Qk I 

B=ixFk s i nh ( | qk IL)/|qk I 
T'&D. iJtqk 2 =4xFk 2 -5k 2 -CJ>l>„ 
A' . B' J4JJEA. BlCi3^T^4 ' , xFk ' tl 10 
tzl>cr>X'foh . A' . B' t A, Bl±Ztl?tlM&. tit 

®<?mimm. Kttmmk%~>x^&. =s k • = 

0 co^tf f - ? iW>fci5HT U 

At=i [cosh ( | xFk |L)cosh(|xF 
k' |L)+sinh(|xFk ID s i nh ( | x 
Fk ' |L)] 

Bt=sinh(|xFk |L)cosh(|xFk' 

1 L) -cosh ( | xFk |L)sinh(|xF 
k ' I L) ] 

ttch. LW^TxFk txFk ' bHVSm-X'fotl 20 
if. ilfctf) f^y^StfJ) 4#«l<7)ifcR 

0fc&4ftH) Tita (At = i. Bt = 0) fc£4. 

[0023] 2. %2om&<mm. 

i/-T -f yy^mwrn^ryyivmrn ( xi -^xj ) # 

— r^>^"3 1 t^2<7)-tfyr;u^-r-f>'^3 3fc 30 
H2^H4^ffl^Ti5iHJL?t»cfc^TXi =X 

sn«-<ottc*4. jaTifuc-5v^TKB*rs. .rota 

IB*ia5~07*^IL-CiJlW6. lit, 05ti3? 
50>il-H8U=tilt4Bfffiia (fcrtfU -f^k/U— 

[0024] H2^H4 zm^xmwLtzmmzts^x 40 
mtxi fcj;^x2 £xi =x 2 tttxitzsm-ti 

%i>^frt>X'hh. ZZX'ZWig&ii. M5&i.Vm6 

tsLfcidtc. mi&±x/t&2<DmmM7'i'-T < y 

7 (miWH&kif^wyy-ivyv- Tiy?) £ 
mtmrnnyu-j-^ 1 . 4 3 fc U .1*1 50 
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£ £ 4 1 JiBHS^ Mffit 2 7 T«R L£«)£k -f 4 

fcgttft Hat ttjjijjc. d ^)®&SS 1 3 a t 
#T$<D#|&4 (Btf^ilAn) gi£S&l 3x£££>t;:lS 

»t*. ftftWcii. z<m2<n%mnW&X'\t. mi<n 

mmcoBmx'mwuzm2com%i85i 3 bSrsw-ovt 

fiMfK. i^OftbOfc. S 1 S>3*U» 1 3 a fc liSai 
Hff*<3£fc**KKl3x£a{t-0>4. 

ftl 3 xli$3fi0/l/-f^ V^4 5£fl;t£kOfc t 

t*4 (P«$ai-4. ) . 
[ 0 0 2 5 ] act. i <n%2<n%imnmm.(r>^.^m 
^nwgzmfrhtzMztcomftiz^xwn-fh. m 

'MlfK wzm t tZtitzm l teXX/m 2 co? yT/Ufu 
-T^y^A l . 4 3 -eii^'fUi . 07«±^t:^L 
i 0 K . -jMlOft^TRIt -r 4 =Hm £ 5 Z b 

JR^fttJi. 07O5TS«-t*LfcJ:9fc. (fc 
^LSE4««tJ:-jTft4SKBr3E**iS) (ct-^S 
»ot<0i:=S:4. *l~a530^U— r4V^41. 4 
3.45 T'|b]-<7)^ ( A o ) TKSttl t # t{±. m 

i os&ii nat; iost i nmim 1 3 tti^g 

ff«?)£&£8ttttl 3xi:*»^=flrftffi1SS»»l 3^: 

it 5r^(tT v> i> cot>i 2 nm^mwnw^- 1, ^ 1 

^HSfe«^®|5Itt A o 4"C^ 4 ^ w 1 >■ y h Hii^) D F 
BfcH-flUtfcSr*. tit^oT. Ao 
4. ^^T\ ^fg^W»J«miiit>'^2«0^U-T 
^/4 1. 4 3*«0»t4«I»«8EI t3fc, 353<0 

4 vytwmthwmmsL it4t t«rtr. » 

9 c ^^t^^«^>ir^S : fH«*&5ii4«8il 
I ptCi4fiffi^»PS* { A4*\ 4^coijgRBx7h 
fll)t2 7tiftJtrv^4tf5T. M/l/-f-f^4 1, 4 

3 cofefl?- * - =. y 7 Zfr i x h fflntk # < ( $mt I 

2mm&e>fflwx'mts . 

[0026] »fi»^«H«(CtJV^T*2<?5^U 

-r 4 y?4 1.43 (is«^<7)DSiiii^c ! S4-r4 . 

MmSI I t 3 CJ: 4BSfJfs3Sfc£ 5 n tt& t , 9 1 
i3j:ira2WU~r4v* r 4 1. 4 3 T«5aS?»fi<?) 
Sft**i*n/nT*4. >t*fL. n<i^ 1 i7)#a8S 1 

3 aL(om^mvfmx'hh. tt^ m iW/m2coyv- 
t4 y?4 i , 4 3fc±4«5asw>¥ffiiiii. 

A k L»fiaHR*?«>*?fifc L k Lfc«^. A 2 / 
(2nL)gST*4. L^ot, L=5 0 0^mCO 
^TA'OS ^ «^*U 5 0 0 nmmtt*4^t 

1 ^«<7)a^$*< InP(Cj;4t><7)T'$)4^ 
^. -tlEWiliO. 7nmgSt^4. ^3^ 

^u— r -r y?4 5X'<vmm3:<r)mm. mts i 
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1 4 £ i &gi£S8 1 3 x*)H*r*SS{fcfc 5 n fc -f 4 t s 

Sn/Angj£T-#>l>. .1.1 T\ A n {iBttCj^rt: «fc 3 

1 3 a 1 1 3 x t mm&mtfr mmx'h h . vti 

g«l 3xKfcltl>Sn£l O" 2 , An£l 
0- 1 1 -f *Ui\ % 3 WV~r 4 5 T'^KSc^ 
OOnmULht^l.^-C, .1 <03l 2 OHifcO 

[00 27] 

ti: 3*vO*.&S2*>iBJSH! {&ti\WV7fr) 
JU£OT\ «^SW»lim2W«&2W' , U-r4 

[0 1] Sfl 1 OSS«*>#!R*>Si5IH ( l ) -C*> 9 . 
[02 ] m 1 ^atOJBJBcoilH^H ( *<02 ) ?* "3 . 

[04 j & 1 nmmnBBcDm*nm < ^4 > vs> 0 . 

SH«E0£ J: t/SWJliaT* I) . 
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